Introduction 18 19
Most amphibian species exhibit a complex life-cycle including two or more life stages separated by 20 an ontogenetic switch point such as hatching or metamorphosis. Adaptations to divergent 21 environments can require the modification of the timing of such switch points and the relative 22 investment in growth and differentiation between subsequent stages [1] . Such alterations of 23 developmental trajectories, however, often have substantial repercussions at several organismal 24 levels, from physiology to morphology and even genomic structure. Adaptive divergence in 25 developmental rate tracking aquatic habitats of different duration in spadefoot toads is a well-known 26 example of this. Spadefoot toads from Europe and northern Africa typically have tadpoles that grow 27 to be quite large over a long larval period, but can otherwise accelerate development and precipitate 28 metamorphosis if at risk of pond drying, whereas north American spadefoot toads tend to have 29 smaller tadpoles that develop faster and are less capable of further developmental acceleration [2] . At 30 each end of this spectrum we find Pelobates cultripes, distributed throughout most of the Iberian 31
Peninsula and southern France, and Scaphiopus couchii, distributed across southwestern USA to 32 northern Mexico. Pelobates cultripes larvae grow quite large (up to > 16 g) and can take up to 6 33 months to reach metamorphosis, whereas S. couchii's tadpoles are much smaller (1.5-2 g) and can 34 develop to metamorphosis in as little as 8 days. Such developmental acceleration is rather 35 energetically demanding and requires a substantial increase in metabolic activity [3] , hence incurring 36 in oxidative stress [4] . Precipitating metamorphosis alters growth and developmental trajectories 37 non-isometrically for different parts of the body, causing metamorphs to not only be smaller but also 38 to have relatively shorter limbs [5] [6] [7] . Developmental acceleration is achieved through 39 neuroendocrine regulation mainly resulting in increased corticosterone and thyroid hormone levels 40 [3, 8] , as well as through differential expression of hormone receptors [4] . Interestingly, the canalized fast development of S. couchii to a large extent mirrors the environmentally-induced accelerated 42 state of the more plastic P. cultripes [3] . 43
At the genomic level, evolutionary divergences in developmental rate seem to leave a big 44 imprint on whole genomes with some studies showing that fast developmental rates are often 45 associated with smaller genome sizes [9, 10] . The rule also holds true for amphibians, whether at a 46 large macroevolutionary scale (Liedtke et al. in press) or focused on specific species groups [11] . 47
Spadefoot toads present broad differences in developmental rate across species, which are 48 consequently also reflected in large differences in genome size [12] : slow developing Pelobates 49 cultripes has a large genome (~3.9 Gbp), whereas fast developing S. couchii has only about one third 50 its size (~1.5 Gbp). Here we present a first description of the transcriptomes of these species at the 51 onset of metamorphosis to explore the potential consequences of such dramatic divergence in their 52 genomes and to uncover the transcriptomic basis of their differences in developmental rate. 53
The NCBI Transcriptome Shotgun assemblies database currently lists transcriptome assemblies 54 for 26 species of amphibians and of those, only four are larval phase transcriptomes: Rhinella 55 marina [13], Microhyla fissipes [14] , Lithobates catesbeiana and Xenopus laevis [15] . The addition 56 of transcriptomes for the larval phases of two more species, especially as they represent a distinct 57 evolutionary lineage, is therefore a significant contribution to the current knowledgebase. 58
59
Methods 60 61
Sample collection, total RNA extraction and sequencing 62
Three egg clutches of P. cultripes were collected from a natural pond in Doñana National Park, 63 southwestern Spain, brought to a walk-in chamber in the laboratories of Doñana Biological Station 64 (EBD-CSIC) and placed in a plastic tray with carbon-filtered dechlorinated tap water with aerators to 65 ensure adequate oxygenation. Another three clutches of Scaphiopus couchii were obtained from adult pairs kept in the laboratory at EBD-CSIC. Adults were hormonally stimulated to breed by 67 intraperitoneally injecting 20-100 µL of 1 µg/100 µL GnRH agonist (des-Gly, [D-His(Bzl)]-68 luteinizing hormone releasing hormone ethylamide, Sigma). Upon hatching, we transferred tadpoles 69 from each clutch of each species to 3 L plastic containers with dechlorinated tap water where they 70 were individually kept under standard conditions of 24 °C, 12:12 L:D photoperiod, ad libitum food 71 supply consisting of finely powdered rabbit chow. As tadpoles reached Gosner stage 35 in their 72 development [16], we euthanized twelve individuals per species via MS-222 overdose, eviscerated 73 them to avoid interreferences from faecal material, and snap-froze them in liquid nitrogen. We 74 extracted whole-body total RNA from each tadpoles using Trizol reagent following the 75 manufacturer's protocol (Invitrogen). Total RNA was assayed for quantity and quality using Qubit® 76 RNA HS Assay (Life Technologies) and RNA 6000 Nano Assay on a Bioanalyzer 2100. 77
The RNASeq libraries were prepared from total RNA using the TruSeq®Stranded mRNA LT 78
Sample Prep Kit (Illumina Inc., Rev.E, October 2013). Briefly, 500ng of total RNA was used as the 79 input material and was enriched for the mRNA fraction using oligo-dT magnetic beads. The mRNA 80 was fragmented in the presence of divalent metal cations. The second strand cDNA synthesis was 81 performed in the presence of dUTP instead of dTTP, this allowed to achieve the strand specificity. 82
The blunt-ended double stranded cDNA was 3´adenylated and Illumina indexed adapters were 83 ligated. The ligation product was enriched with 15 PCR cycles and the final library was validated on 84
an Agilent 2100 Bioanalyzer with the DNA 7500 assay. 85
Each library was sequenced using TruSeq SBS Kit v3-HS, in paired end mode with the read 86 length 2x76bp. We generated on average 38 million paired-end reads for each sample in a fraction of 87 a sequencing lane on HiSeq2000 (Illumina) following the manufacturer's protocol. Images analysis, 88 base calling and quality scoring of the run were processed using the manufacturer's software Real 89
Time Analysis (RTA 1.13.48) and followed by generation of FASTQ sequence files by CASAVA 
Transcriptome comparison and quality assessment 139
The twelve P. cultripes samples consisted of 30.5-43.3 million, 101bp paired-end reads (888.3 assembly (10.5% of total). Trinity generated 753,223 transcript contigs with median length 362, of 142 which 428 406 clustered into 'genes' (transcript clusters with shared sequence content; Table 1 ). 143
Bowtie2 mapped 83.96% of the reads back onto the transcriptome (Supporting Data 1). In 144 comparison, the S. couchii samples consisted of 32.1-53.9 million, 101bp reads (958.8 million reads 145 in total) with 84.4 million post-normalization pair-end reads used in for the final assembly (9.19%). 146 657,280 transcripts were generated by Trinity with a median length of 432bp clustering into 381,135 147 'genes' ( Table 1 ). Bowtie2 mapped 90.71% of the reads back onto the transcriptome. 148
The BUSCO results support near-complete gene sequence information for 89.7% of genes in 149 the P. cultripes transcriptome with only 7.4% of the genes being fragmented and 2.9% missing. The 150 quality of the S. couchii assembly was similar with 86.6% complete sequence information, 10.5% 151 fragmented genes and 2.9% missing (Supporting Data 2). 
Orthologous genes 200
OrthoFinder assigned 183,893 transdecoder-predicted CDS (52.1% of total, from hereon 'genes') to 201 27,111 orthogroups. Almost all of the X. tropicalis genes could be assigned to orthogroups (96.5%), 202 compared to 53.6% of P. cultripes genes and 45.7% of S. couchii genes (Figure 4a ). This could 203 suggest that our transcriptomes represent large numbers of interesting genes not yet represented in 204 the X. tropicalis transcriptome, but it is important to note that OrthoFinder may be sensitive to the 205 large number of fragments in de novo transcriptome assemblies (compared to its designed use for 206 genome assemblies) and to the number of species included in the analysis. 207
Of the assigned genes, only small fractions of genes were in species-specific orthogroups (X. 208 tropicalis: 0.6%, P. cultripes: 2.1%, S. couchii 1.8%; Figure 4a ). Fifty percent of all genes were in 209 orthogroups with two or more genes (G50 was 2) and were contained in the largest 23,404 210 orthogroups (O50 was 23 404). There were 13,138 orthogroups with all species present ( Figure 4b ) 211 and 1,345 of these consisted entirely of single-copy genes. Pelobates cultripes and S. couchii shared 212 substantially more orthogroups than either did with X. tropicalis and with 12,734 orthogroups being 213 unique to these two species and therefore potentially important additions to the knowledge base of 214 amphibian transcriptomics.
Conclusion 217
De novo transcriptome assemblies of the larval phase of two amphibians with vastly differing 218 environmental sensitivity in developmental rate are presented and annotated. Despite having 219 drastically different sized genomes (with that of Pelobates cultripes being 2.6 times larger than that 220 of Scaphiopus couchii; Liedtke et al. in press), the assemblies are of similar sizes (0.58Gbp vs. 221 0.64Gbp). The assemblies are of high quality, with ~94% of raw reads mapping onto the 222 transcriptomes, and both transcriptome assemblies consist of >86% full length BUSCO matches with 223 only 2.9% of the assemblies having no corresponding match. 224
The PANTHER results suggest the two transcriptomes are largely comparable in their 225 annotations and how they differ from X. tropicalis, but the overrepresentation test did not identify 226 unexpected species-specific differences. For example, the analysis revealed that genes related to 227 response to stimulus are under-represented in S. couchii, this is particularly true for the subcategory 228 'response to abiotic stimulus' (GO:0009628), which may reflect the fact that the development of P. 229
cultripes is known to be more environmentally sensitive [3] . 
Data and materials 242
The data sets supporting the results of this article are available in the associated repository GigaDB 
